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Why Cross-section?

« Comparison with a theoretical calculations: SM test, probe of the new
production mechanism (e.g. resonance production)

- N. Kidonakis and R. Vogt, arXiv:hep-ph/0805.3844, PRD 78, 074005 (2008):
NLO + NNLO soft gluon correction, 0 = 7.27*%7  _pb, m = 172.5 GeV

- S. Moch and P. Uwer, arXive:hep-ph/0804.1476, PRD 78, 034003 (2008):
NNLO (approx), 0 = 7.45*°°_ _ pb, m, = 172.5 GeV

- M. Cacciari, S. Frixione, M. M. Mangano, P. Nason and G. Ridolfi,
arXiv:hep-ph/0804.2800, JHEP 09, 127 (2008):

NLO + next-to-leading threshold logarithm correction,
0=714"7_ pb,m =172.5 GeV

_0.86
- Errors ~ 7 - 10 %, depends how the scale uncertainty is defined
- Runl, 2E=1.80TeV, L ~ 100 pb: 6c/c ~ 25%
« Sample definition for the properties measurements
 |Important background for the new phenomena and Higgs search
« Allow to extract the top mass from the cross-section dependence with a
“clean” definition of a top mass from the theoretical point of view.
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Top Quark Decays

« Top quark has a very short life-time ~ 102> sec = decay
before hadronisation l*

« InSM |V, |~1 = Br(t-Wb) ~ 100% \ K:VL
w- t - t
« Dileptons: q/f\rf \b

- e W T —oe(u:~6.5%,low background

- 7 > had +e (u) : ~ 3.6%, reasonable bckg  ToP Pair Branching Fractions
 Leptons + jets, “alljets" 46%
- e, W T—e(u + jets ~ 35%, reasonable bckg
- 17— had + jets ~ 9.5%, high background tHets 15%
« All jets ~ 46%, high bckg
T+1T ° o
/
o A | u+jets 15%
e TA%
Wt c+jets 15%
"dileptons” "lepton+jets™
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TJevatron Status

Collider Run Il Integrated Luminosity
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e @ERlMENTAL SIGNATURE:\

2 high p, leptons
b 2 b-quark jets
Missing transverse energy

DO: topological selection to

antiproton .
n separate signal and background

CDF: topological selection and
selection with b-quark jet

 An independent cross-check for identification (b-tag)
the high statistics |+jets channel. \ /
* Very high signal-to-background
ratio

« Search for the BSM signal
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Backgrounds

) _ N -N background
g=

e(mt)f Ldt

observed

o Zly", WW, WZ, ZZ: efficiencies from MC
simulation, normalized to integrated antiproton
luminosity:

- Need to reweight the Z p_ distribution or

apply the jet multiplicity depended scale jaol A | Gata ]
factors (see, e.q. m_@ Entries 545 |
Sabine Lammer's Physics at LHCO8 presentation) ' ]

CITOP
C1QcD
|

[ T
[ RNV ]
DY — ot
Dy IT

 Instrumental background: misidentified 3_
leptons and leptons from semileptonic b

quark jet decays. Estimated from data.

sof

sof

aof

- CDF: use the sample where both leptons :
have the same charge

20

_ _ _ 020 40 60 B0 100 120 140 G50 TE0 200
- DO0: use samples with inverted quality on dilepton invariant mass, GeV/c?
IeDton identification parameters + samples Figure 1: Dilepton invariant mass spec-

where both leptons have the same charge. trum for electron muon events.
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CDF Dileptons Results 2.8 fb (ee, U, elt)

Pretag Top Candldates With Njet>1

| CDF Il Preliminary 2.8 fb™ -

1

data
Entries
- DATA
[[]o.=6.7 pb| ]
| lacp
I N zz
Bwz
I B ww
oy— |
Ebpy- T

231 |]

Process Topological 1200
tt, o = 6.7 pb 110.6 5.2 ook
Z)y* — 00~ 14.6 0.78 |
Z/~v* — 71~ 12.0 0.60
WW — (10— 10.2 0.44 60
WZ — (0~ 2.91 0.09
27 — (T 1.46 0.10 |
Monte Carlo 151.7 67.2 I
Data SS 10.8 2.00

Sum 162.5 + 4.5169.2 £1.7

Data OS 162 K0 1:2

o = 6.7+ 0.8 (stat) £ 0.4 (syst) £ 0.4 (lumi) pb ;o
relative error : so/o ~14%

c =7.8+ 0.9 (stat) + 0.7 (syst) + 0.4 lumi) pb
relative error : §o/o ~16%
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m=175GeV =i

m=175GeV o

o 1 2 3 4 5 6 7 8 9
jet multiplicity

Pretag Top Candidates With Njet> 2

CDF Il Preliminary 2.8 fb™ ]

data
BEntries
@ DATA
[[1S;:= 6.7 pb
[]acD

162

secVitx tag multiplicity
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‘Q)() Q)z[eptons Result, 1 fb (ee, uu, eu er,ut) DI

Channel e (1 jet)|ep (= 2 jets) |ppt e T
Luminosity (pb~") 1074 1070 1070 1009 1038 996
Z/7 24T (55507 505 (56019 [065g] 1253
WW/WZ/ZZ 05701 [3.17537  |1.475% 0.675:1 [0.2700 |0.2700
Multijet /W jets  ||0.6704 00703 |2.6+9:¢ 0.2703 |3.6715 |8.872%
Total background 3.470F [9.571) 9.4717 6.4717 |4.471% 102755
Signal efficiency (%) [[1.3721 [1.0788  [3.979F .15 |o. 2‘3*3'} 0.287 01
Expected signal 11270586711  [35.273°0 8.870% (103711 (12.277]
Total expected 14.671018.07 1% [44.673% 15171 [14.7750(22.375]
Data 17 21 39 12 16 20

DQ, 1 b

i i Data (a)

C = 7.Si 1.0 (stat) 07 (syst) = 0.6 (lumi) pb -y

| ] Multijets,W+jets o
L 1 Diboson

c=73", (stat) H2_(syst) = 0.45 (lumi) pb
relative error : 6olo ~23% m= 170 GeV

Number of Jets
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Lepton + Jets Final State w
ut ﬁPERIMENTAL SIGNATURR

Broton w” v 1 high p, lepton
; g | 2 b-quark jets

b 2 light quark jets

4 . iy Missing transverse energy
t

antiproton a g DO: topological (likelihood

w discriminant) and

g b-tagging analyses
CDF: topological (neural

network) and b-tagging
knalyses /

March 17, 2009 ‘Top Cross-section @ Tevatron 9



Background

Multijet background: estimated from the
QCD enhanced sample (loose lepton
identification criteria, low MET to remove
W background).

W+jets background simulated with Matrix
Element generator

March 17, 2009

Simulation : Alpgen (ME) + Pythia
(showering)

Separately simulate different light parton
bins: W+0lp, W+1lp, W+3lp, ...

Sum them together according to the alpgen
cross-sections

Normalize the total W cross-section to data
in each jet multiplicity bin

If b-tagging is used, separately simulate W
+bb+#lp, W+cc+#lp and adjusted
corresponding cross-section by data / MC
comparison (e.g. in 1 jet bin) = an important
source of systematics uncertainty

0.25

0.2

0.15

s data ]
— QCD (noniso)
W+If
—1{op

CDF NN analysis:
templates used for QCD,
W+jets backgrounds and

0.1

0.05

ttbar signal

o

nEvents

—s—(ata
— Light Flavor

240
220
200
180
160
140
120
100

80
60
40

[ II|I|III|III||II

CDF Run Il Preliminary L = 2.7 A Bottom
— Charm

CDF b-tag analysis:
% templates used for

heavy flavor i

normalization in ljet

+ bin

T

Top Cross-section @ Tevatron
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KIT Flavor Separator

L Ll 1 Ll | L 1
-0.8 -0.6 -0.4 -0.2 0
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CDF [+jets Results D

Pl b-tag analysis (2.7 fb?):
W a0~ \ Mozt ]
N Bl o= 7.2+ 0.4 (stat) £ 0.5 (syst) = 0.4 (lumi) pb
- sew | relative error : salo ~10% m= 175 GeV
Il von-w
200 :— lzu:bi::n
0
1 Jet 2 Jets 3 Jets 4 Jets 25 Jets
i _CDFIIPrEIimInar:.rZ.Eih'1 Ny 2 3
';Easnf_{» - NN analysis (2.8 fb1):
S — iy c = 7.1+ 0.4 (stat) + 0.4 (syst) + 0.4 (lumi) pb
+ relative error : So/o ~9% m= 175 GeV
[

DO: PRL 100, 192004 (2008), 1fb™
7.62% 0.85 pb, m=172.6 GeV

0 g1 02 03 04 05 06 07 08 09 1
NN output
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CDF [+jets Systematics

NN analysis (2.8 fb?):

b-tag analysis (2.7 fb?):

w

Effect Ao (%)
Statistical 5.7
Jet E4 Scale 3.1
W +jets Q2 Scale 2.2
Z Q2 Scale -
tt generator 2.9
tt IFSR 0.8
PDF 0.4
QCD shape 0.9
QCD fraction 1.3
Other EWK 1.0
Background -
MC Statistics -
Nje+ Scale Factor -
Lepton Scale -
Track 1D -
Lepton ID /trigger 0.6
Zvtx SF 0.2
Systematic before Lumi 5.1
I Luminosity 5.8
Total Systematic 7.7
Total (stat and sys) 9.4

SYSTEMATIC Aopb |[Ao/o %
JET ENERGY SCALE 0.16 2.2
BOTTOM TAGGING 0.38 5.2
CHARM TAGGING 0.08 1.1
MIS-TAGS 0.15 2.1
ORNECTION. 0.23 3.2
LUMINOSITY 0.42 5.8
QCD FRACTION 0.02 0.2
PRIGNSHOWER 43 1.8
NTAEBALSTRE 0,04 056
TRIGGER EFFICIENCY 0.05 0.6
PDF 0.06 1.0
TOTAL 0.67 9.3
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‘ ttﬁar / Z Cross-sections Ratio

Luminosity is the largest Lepton-Lepton Invariant Mass

systematics uncertainty =
cancel it by calculating the ratio
to Z cross-section

05e7z" = 251.3 % 5.0scales/pat PD

J. Phys. G: Nucl. Part. Phys. 34 (2007) 2457-2544

"""""""""""""""""""""""""""" | TTI 1 |
- CDF Run Il Preliminary, 2.7 fb™-

070 75 80 85 90 95 100 105 110 115

M, (GeVic?)

b-tag analysis (2.7 fb):
c = 7.0+ 0.4 (stat) = 0.6 (syst) = 0.1 (Z theory) pb
relative error : 6o/ ~10% m= 175 GeV

NN analysis (2.8 fb?):
o = 6.9% 0.4 (stat) + 0.4 (syst) = 0.1 (Z theory) pb
relative error : so/o ~8% m= 175 GeV
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Results Overview

CDF Run |l Preliminary*

July 2008

' [ Cacciari et al., arXiv:0804.2800 (2008)
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Moch & Uwer, arXiv:0807.2794 (2008)

Assume m=175 GeV/c®

. &
Lepton+T
SRS 8.3+1.3+0.740.5
. &
Lepton+T! s Vertex ta
SR ok Vertex fag 10.1:1.8+1.1+0.6
Dilepton 0 6.7+0.8+0.420.4
(L=28f"Y  |ogmws 000 O-/20.02UA=U.
X .,.4.*.5..
Lepton+Jets; Ki tic ANNM
o ngphy o 6.8+0.4+0.6+0.4
‘Lepton+Jets; Vertex Tag it 7 240.4+0 5+0.4
(L=2.7fb ) e e
'Lept0n+Jets;| Soft Electron T@ . 7 8+2 4+1 5+0.5
(L=2.0fb) e T e
. &
Lepton+Jets; Soft M T
e nomy o ventas 8.741.1+0.9+0.5
MET+Jets: Vertex Tag ‘1 6.1+1.2 408 +0.4
(L=0.3fb ) : = 06—
. &
All}rlla;dlll'ogﬁ_%'fertex Tag 8 3+1.0 i?:gio.5
. ) ni-*i--
CDF bingd
{L:C;rg ﬂ'a'?ﬁ 7.0+0.3+0.4+0.4
(stat)t(syst)(lumi)
| | | | | | | |
0 2 4 6 8 10 12 14
o(pp — tt) (pb)
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DO Run Il += prefiminary August 2008
T

I+jets & dilepton & tau+lepton* +0.46 +0.64

o HO+H 7.83 "4z 5551048 pb
I+|etfs fb-tagged&topological, PRL) HO-H 7.42 1053 1046 045 pb
0.9 b

Ijjﬁtfi_:neural network b-tagged)* - 8.20 ’_'823 tggg +0.50 pb
dilepton (topological)* +1.1240.78

o —o—H 7.03 ;s o5g 043 pb
I+track (b-tagged)* +1.6 +0.9

o —e—+H 50 ", o5 03 pb
tautlepton (b-tagged)* +1.34+1.20

i H—e—H 7.32 "%, 406 t045 P
tautjets (b-tagged)” 1 | +43 +0.7

e I I 84 Tp 77 03 pb
alljets (b-tagged, PRD) 2.0 +1.4

014 > H—e—H 45 27 74 03 pb

(stat) (syst) (lumi)
m_ =175 GeV B Clacciari‘e al., arXiv:0804‘2‘800
P N. Kidonakis @nd R. Vogt, arXiv:0805.3844
CTEQ6.6M ‘
S. Moch and P. Uwer, arXiv:0804.1476
| Ll ‘ Ll ‘ | -\ Ll Ll
0 2 4 6 8 10 12
0 (pp —>1t) [pb]
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DO: cross-section ratios

q b

Many systematics uncertainties are canceled in
the ratio = sensitive to BSM physics.
E.g. If the mass of charged higgs in MSSM scenario

I is low enough the t—H*b decay will be allowed and
o+ will enhance the tau final states.
v ; D@ Runll preliminary (1.0 fb™")
(b) (4 1 —=— Expected 95% CL limit
q b o8-
+T ) —®— Observed 95% CL limit
T ]
Tevatl'on *=preliminary ? 0.6 ‘*/’—_.__*0
| . % 1 @ o
. | .., leptophobic mode & o4 __ DU S
1" | 0.2
| -
|
l o—Hr—T——r————
06 /G .* | 0.97*032 _ 80 100 120 140 160
OLE | "2 tdounic model M, [GeV]
| N = 17
I 1 45+0.83 _E {1 = Expected 95% CL limit
CDF (o / Glj * E o 055 ’EZ 0871 o Observed 95% CL limit
0.2 fb | ]
i T 0.6
| ]
1 | 1 1 N
0.5 1 1.5 2 0.2—: ————
tt Cross Section Ratio o+
80 100 120 140 160
M. [GeV]
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‘QDO - Top Mass from Cross-Section w

Motivation: complementary

measurement to the direct top mass "é 14 "‘:I}.’ D@ Runll preliminary (1 fb'1)
measurement. Less sensitive to the non- i e
perturbative QCD effects. 12 '
« Define theory likelihood according to PDF 10‘_\ 1
and scales uncertainties from [ i,
(1) P. M. Nadolsky et al., Phys. Rev. D 78 8:_ N, =
013004 (2008); W. Beenakker et al., - R, X,
Phys. Rev. D 40, 54 (1989). OF @ Measuwedo, e
o - —Nadolskyetal PRD 78,013004 (2008)  "***aa,. v oanmmatrias
(2) M. Cacciari et al., JHEP 09, 127 (2008); 4 Cacoiari et al., JHEP 09, 127 (2008) TNy
| == Moch and Uwer, PRD 78, 034003 (2008)
(3) S. Moch and P. Uwer, Phys. Rev. D 78, o
034003 (2008); 27150 160 170 180 190
(4) N. Kidonakis and R. Vogt, Phys. Rev. D Top Mass (GeV)

78, 074005 (2008);

« Construct likelihood with measurements: Theoretical computation [m (GeV)
Gauss(o,60). Multiply the theory and _ Y
measurement likelihoods to obtain a joint NLO [1] 165.5 55 9
likelihood. Integrate over the cross NLO+NLL [2] 167..5tg;2
section to get a likelihood function that approximate NNLO [3] 169P_Lj3
depends only on the top-quark mass and . o et B9
calculate 68% C.L. approximate NNLO [4] | 168.27 2
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Conclusion

« Current experimental precision of ttbar cross-section
determination~9% reach the level uncertainty of approximate NNLO
calculation.

« Using ttbar to Z cross-sections ratio one can cancel out the luminosity
uncertainty and decrease the uncertainty to 8% and open the way for
further improvement in systematics uncertainties.

« All available final states are under investigation, including final states
with tau. This allow to make an extensive test of the SM and search for
the new physics (for example, charged higgs)

« Current cross-section results are used to determine the top mass with
well defined mass definition from theoretical point of view.

« DO and CDF experiments start the discussion about merging cross-
section results together.,

e For more information and the latest results, see

- DO: http://www-d0.fnal.gov/Run2Physics/top/top _public web pages/top public.html
- CDF: http://www-cdf.fnal.gov/physics/new/top/public xsection.html|

March 17, 2009 ‘Top Cross-section @ Tevatron 17


http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-cdf.fnal.gov/physics/new/top/public_xsection.html

BACK-UP
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b-tagging: DO example

¢ — 8 S S  — S — 8 1 —

b-Jet Tagging

b-Jet Efficiency (%)

Vertex Tagging
(transverse plane)

(Signed) Track
Impact Parameter (dca)

Hard Scatter

Several mature algorithms used:
3 main categories:

- Soft-lepton tagging

- Impact Parameter based

- Secondary Vertex reconstruction

/

March 17, 2009

Top Cross-section @ Tevatron

g
|

||3|||

g

:.HMEDIUM WORKING POINT

“t/|eff ~54% fake rate ~1%
30l f i
| | p,>15and Alln |

B 10
Fake Rate (%)

Combine in Neural Network:

* vertex mass

* vertex number of tracks

* vertex decay length significance
* chi2/DOF of vertex

* number of vertices

* two methods of combined track
impact parameter significances
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Vi 1 track
12%

1 track
EM subcluster

38%

£-

/ T > 1 track

EM subcluster
15%

Tau candidates is a narrow jets (dR = 0.3) + one or more tracks

For each tau type a neural network has been trained to distinguish

between true taus (from MC) and from fakes (from data).

NN inputs: isolation, energy deposition profiles, track / calorimeter

correlation variables. NN performance has been verified with Z=tt data

D< Run Il Preliminary

= tMC

= jet data

March 17, 2009

DY Run Il Preliminary
- TtMC

= jet data

Top Cross-section @ Tevatron

DY Run Il Preliminary
- TtMC

= jet data
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Multijet bacKground (‘matrix” method): DO |DES

r

Loose Isolated Data N
Tight Isolated Data N

TigHT . _€ocpNacp

/<

=N__+N

LOOSE QCD SIGNAL

N + ¢ N

SIGNAL" "SIGNAL

r
From QCD dominated

\_

sample (MET < 10 GeV)

~

J

N // \ y

r
From MC corrected by

efficiency measured in
/—ee (Z-uu) events

\_

~

¢

N, o INCludes
+jets and ttbar

J

N

 Esionar N roose — N rar

NQCD_
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Dileptons Selections

electron:

muon:

jet:

MET:

Final:

DO

isolated cluster in EM calo,
p,>15 GeV, track match,

€ 0-1.1,1.5-2.5

track in muon system,
track in central tracker
isolated in calo and tracker

p,>15 GeV, |n| < 2

dR=0.5 cone, JES corrected
for muons from b-quark decays,

p, > 30, 20 GeV, |n| < 2.5

corrected for electrons, muons,
jets, MET > 0, 35, 45 GeV

topological

CDF

isolated cluster in EM calo,
p;>20 GeV, track match,

track in muon system and
in central tracker

isolated in calo and tracker
P, >20 GeV,

dR=0.4 cone, JES corrected,
p, > 30, 15 GeV, |n| < 2.5

corrected for electrons, muons,
jets, MET > 25 GeV

topological,
with b-tagging
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lepton +jets Selections w

DO CDF
slectron EplElize] @lEer I 51 EEle; isolated cluster in EM calo
P;>20 GeV, track match, p,>20 GeV, track match,
Inle 0-1.1
muon: track in muon system, track in muon system,
track in central tracker trak in central tracker
isolated in calo and tracker isolated in calo and tracker
p>20 GeV, |n| < 2 p,>20 GeV
jet: dR=0.5 cone, JES corrected B
for muons from b-quark decays, dR=0.4 cone, JES corrected,
at least 2 jets with at least 3 jets with
p. > 40 (leading), 20 GeV, [n| < 2.5 Pr > 30 (leading), 20 GeV, |n| < 2.5
MET: corrected for electrons, muons, corrected for electrons, muons,
' jets. MET >20 (e+jets), jets, MET > 35 GeV
25 (u+jets) GeV. MET vector
and lepton p, separted in azimuth
el topological, topological (neural network),
with b-tagging with b-tagging
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